Improved Interpretation of the Downhole Casing Inspection Logs for Two Strings of Pipes by Marinov, S. G.
IMPROVED INTERPRETATION OF THE DOWNHOLE CASING 
INSPECTION LOGS FOR TWO STRINGS OF PIPES 
S. G. Mar inov 
Dresser Atlas 
Houston, Texas 
An increasing concern for safety and more stringent government regula-
tions frequently require the use of more than one string of pipe as a 
measure to protect oil and gas wells against potentially hazardous leaks and 
damages. 
The presence of more than one string makes downhole inspection by elec-
tromagnetic methods more difficult not only in terms of data acquisition but 
also in terms of data interpretation. This occurs because the tool response 
is strongly influenced by the additional string, especially for the eddy 
current tools employed to measure wall thickness of pipes. As a result, 
inspection logs which are currently evaluated by experimental charts for the 
single string might be incorrectly interpreted with the multiple strings. 
In order to avoid this problem, charts should be corrected with each 
additional string. 
It becomes very expensive and time consuming to build experimentally an 
interpretation chart for more than one string of pipe, like those for the 
single string, primarily because one needs to reproduce experimentally a 
variety of electromagnetic characteristics and sizes of pipes. As an alter-
nate, a computer model can be used for this purpose. 
The basic theory of the eddy current method has been developed in [1-2] 
and later amended for this application in [3]. 
~ 
2 ~· 
R !R L9 : R ·:.~ I R 4 I ' I u ·' • - -, 
R R I Lu . H 
- - ---3- ~rn- l _ - - - - --- -~---: : 
. ' 
. ' 
• Leu : 
Figure 1. 
{ 
:::@;:\ 
1673 
Theoretical results obtained in [1-3] have been repeatably verified 
experimentally so we can use the most general expressions obtained in [3] 
for the voltage "VBH" induced into the sensor coil (Figure 1): 
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and where "F " is determined from recurrent formulas obtained in (2) for 
. BH two str1ngs. 
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and where: 
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I >-2 2 q2 + k2 ; 
I >-2 2 q4 + k4 ; 
k2 I -jw f12JJ0a2; 
k4 I -jw lJ4lJ0°4; 
where (fig. 1) 
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"L " B 
"L " u 
is a frequency of excitation: J = 1-1 
is a magnetic permeability of inside pipe: 
is a magnetic permeability of outside pipe: 
is a magnetic permeability of the free space: 
is an electrical conductivity of inside pipe: 
is an electrical conductivity of outside pipe: 
is an equivalent radius of the exciting coil determined 
according to [*2]: 
is an equivalent radius of the sensor coil also determined 
according to [4]: 
is a length of exciting coil: 
is a length of sensor coil: 
"L " is an axial distance between the exciting coil and the BU 
sensor: 
"H " u is a distance between axes of exciting and sensor coils: 
"N " B is a number of turns in the exciting coil 
"N " u is a number of turns in the sensor coil 
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and where: 
Fll Kl • Il Il • Kl 
FOl Ko • Il + ro • Kl 
( 9) 
FlO Kl .. ro + Il • Ko 
Foo K • 0 ro ro • Ko 
r 0 , K0 , r 1 , K1 are modified Bessel functions of the first and second 
kind, order zero and one, respectively. 
Now we can examine the amplitude and the phase characteristics for the 
one of two strings of pipe and find conditions when their logs are clearly different from each other. 
As has been pointed out in [3], a spacing between transmitter and 
receiver coils as well as a frequency of the excitation substantially influ-
ences both amplitude and phase, so by varying those parameters, we will try to find those conditions. 
First we look at the amplitude and phase characteristics calculated from the formula (2) for the single string of pipe. 
The result of calculation for two spacings and two common frequencies 
using formula (2) are presented on Figures 2 through 5. 
(Typical parameters of pipes are used): 
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As we could expect, amplitudes with 20" 
higher but the phase characteristics are not 
3 and 5) especially for the frequency 8 Hz. 
observed experimentally in [3] and [4]. 
spacing (Figures 2 and 4) are 
as linear as for 32" (Figures 
The same things have been 
For two strings of pipe, the log interpretation becomes considerably 
more complicated because in many practical cases there is a need to dis-
criminate between changes in the wall thickness of the inside and outside 
strings. That is why we have to consider those cases separately. 
Results of calculation of the induced voltage using formula (2) for two 
strings: the same 7 inch outside diameter pipe inside of 11 inch outside 
diameter pipe for the same 20" spacing and the same frequencies are presented 
on Figures 6 and 9. 
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As we can see, both the amplitude and the phase characteristics are 
quite different for inside and outside strings (Figures 6 and 8, and 
Figures 7 and 9, respectively). That is especially true for the amplitude 
characteristics where even a behavior of curves is changed from inside to 
outside string (Figures 6 and 8). This gives an important clue to inter-
pretation of the logs for two strings. However, this particular spacing 
(20") does not provide linear phase characteristics which are the major means 
to monitor changes in the wall thickness of either pipe. That's why we need 
to increase spacing to 32" although naturally the amplitude becomes smaller. 
The results of calculation for this spacing are presented on Figures 10 
through 13. 
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Here we have a somewhat different situation. While the amplitude 
characteristics are more similar to each other (Figures 10 and 12), the 
phase characteristics are clearly different (Figures 11 and 13). Also, in 
this case, there is a different frequency for the inside and outside string 
where the phase changes are linear (the curve "A" on Figure 11 and the curve 
"B" on Figure 13). That provides valuable information not only for the log 
interpretation but also for the tool's design. 
The results of this investigation demonstrate that the computer models 
considered here provide a reliable way to improve the log interpretation for 
two strings of pipe and also can help in the tool's design. 
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